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Learning	  objec0ves	  

1.  Explain	  the	  "targeted	  treatment"	  approach	  to	  drug	  
development	  for	  neurodevelopmental	  disorders	  

2.  Iden0fy	  the	  synapse	  as	  a	  convergence	  point	  for	  mul0ple	  
gene0c	  disorders	  associated	  with	  au0sm	  and	  ID	  

3.  Describe	  the	  challenges	  to	  demonstra0ng	  treatment	  efficacy	  
on	  the	  core	  symptoms	  of	  au0sm	  



Q:	  Where	  do	  pediatric	  psychopharm	  drugs	  come	  from?	  

A.  Lab	  research	  

B.  Chance	  observa0on	  

C.  Adult	  drugs	  

D.  The	  stork	  



A:	  	  Mostly	  from	  adult	  drugs	  

A.  Lab	  research	  –	  none	  

B.  Chance	  observa0on	  
	   	  Psychos0mulants	  

C.  Adult	  drugs	  
	   	  An0psycho0cs,	  anxioly0cs,	  an0depressants,	  
	   	  α-‐adrenergics,	  atomoxe0ne,	  mood	  stabilizers,	  
	   	  an0psycho0cs	  for	  ASD	  

D.  The	  stork	  
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A	  new	  paradigm	  for	  psychopharm	  drug	  development	  
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The universe was born thrashing and fl ail-

ing. You’d think that exploding stars and 

other cataclysms would have roiled every 

corner of the cosmos within a couple of 

billion years. But it turns out that pockets 

of tranquility persisted. This new insight, 

based on two discoveries reported this year, 

is making astronomers rethink the details of 

star formation in the young universe.

One discovery, reported in November, is 

the sighting of pristine clouds of hydrogen. 

The clouds match the chemistry of much 

older primordial gas from the fi rst few hun-

dred million years after the big bang, before 

stars formed. The other discovery is a small 

star in the Milky Way’s halo whose concen-

tration of “metals” (elements heavier than 

helium) is about 1/10,000 that of the sun. This 

star is practically devoid of metals, just like 

the universe’s earliest stars, which are believed 

to have been hundreds of times as massive.

The results add a twist to the story of 

the universe’s chemical evolution. When the 

universe began, researchers believe, it was 

made up of gas containing light elements, 

mostly hydrogen and helium. The fi rst stars 

formed from this material, some 300 mil-

lion years after the big bang. As these early 

stars burned their fuel, they fused the lighter 

atoms to produce heavier elements like car-

bon and oxygen. These so-called metals 

spewed into interstellar space when the stars 

exploded as supernovae. The birth and death 

of later generations of stars, made from gas 

polluted with these heavier elements, added 

even more heavy elements into the mix, 

making the overall chemistry of the universe 

increasingly metal-rich. Today, the stars and 

planets and interstellar gas around us are 

laced with heavy elements.

Astronomers used the Keck telescope 

to probe the faraway universe, dating back 

to a mere 2 billion years after the big bang, 

for relatively pristine gas clouds. To fi gure 

out the clouds’ chemical composition, they 

studied the spectrum of a background qua-

sar whose light had traveled through the gas 

on its way to the telescope. They searched 

for signs of oxygen, 

carbon, nitrogen, 

and silicon but saw 

only hydrogen and 

its heavier isotope 

deuterium.

The star discov-

ered by the other 

team was equally 

surprising because 

astronomers thought 

low-mass stars could 

form only from 

material with a cer-

tain concentration of 

metals. The reason is 

that metals are con-

sidered necessary for 

helping to cool a gas 

cloud enough to con-

dense into a star.

The two results 

suggest that the fi rst 

few generations of 

exploding stars did 

not scatter heavy 

elements throughout the universe like a cap-

tive squid fi lling its tank with ink. Instead, 

pockets of pristine gas lingered for billions 

of years, and some may have seeded a late 

crop of small, metal-free stars.

Glimpses of a Simpler Time

Pristine. Clouds of gas discovered this year—possibly trapped in 
fi laments between galaxies, as shown in this computer simulation—
may be surprisingly long-lasting leftovers from the big bang.

Genomic epidemiology
Not long ago, sequencing a single bacterium’s genome took years; 

now the job takes less than a day. Scientists are beginning to harness 

that power to track pathogens’ movements in more detail than ever 

before. Whole-genome sequences will help to determine quickly 

where newly emerging diseases come from, whether microbes are 

resistant to antibiotics, and how they are moving through a popula-

tion; they will also shed light on historic epidemics.

Treating intellectual disability
The cognitive defi cits and behavioral problems caused by Rett, Frag-

ile X, and Down syndromes have long been considered irreversible. In 

each syndrome, a genetic glitch causes brain development to go awry 

even before birth. But recent work with mouse models of these condi-

tions suggests, remarkably, that some cognitive and behavioral symp-

toms may be reversible. Treatments that target growth factors or neu-

rotransmitter receptors in the brain are now in human clinical trials, 

and preliminary results should start to emerge in 2012. Meanwhile, 

expect preclinical researchers to keep coming up with new targets. 

Curiosity to Mars
NASA will have more than the $2.6 billion cost of the Mars Science 

Laboratory (MSL) mission riding on a successful landing on the Red 

Planet next August. MSL’s new “entry-descent-landing” system—

designed to lower 

the 900-kilogram 

nuc lea r-powered 

Curiosity rover gen-

tly onto the martian 

surface—is essential 

to NASA’s ambitious 

plans to return rock 

samples to Earth. 

It is engineered to 

achieve the pinpoint 

landings on Mars 

needed to collect specifi c samples and return them on a later mission. 

Failure of the landing system on its fi rst voyage would be disastrous 

for much more than Curiosity.

Published by AAAS
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There’s not always more than one way to skin 
a cat. Take the way plants use sunlight, water, 
and CO2 to synthesize the sugars they need 
to grow and multiply. Early in the process, an 
essential protein called photo system II (PSII) 
uses solar energy to split water into hydrogen 
and oxygen atoms, then pairs oxygens into the 
O2 molecules we breathe. Despite billions of 
years of evolution, PSII in all photo synthetic 
organisms shares almost the 
same catalytic core. With-
out it, a few ecosystems 
near undersea hydrothermal 
vents would be the only life 
on Earth.

Researchers in Ger-
many got the first close-
up look at PSII in 2001 by 
making a crystal of mil-
lions of copies of the pro-
tein and bouncing x-rays 
off it to probe its structure. 

Such crystallography experiments can map 
complex proteins in near-perfect atomic 
detail. But the early maps of PSII were too 
fuzzy to show the exact arrangement of 
atoms in the core.

The maps got better in 2009. And this 
year, researchers in Japan captured the pro-
tein in full, exquisite detail—including its 
heart of four manganese atoms, fi ve oxygen 

atoms, and a calcium atom. The snapshot 
revealed that these core atoms form a cube 
with a short tail hanging off one end. That 
shape, it turns out, is critical for holding 
pairs of oxygen atoms close enough together 
to be knitted into O2.

This structure isn’t just essential for life; 
it may also hold the key to a source of clean 
energy. Today’s societies rely almost exclu-
sively on fossil fuels for energy because we 
can’t match plants’ ability to convert sunlight 
into chemical fuels. Yes, we can use solar cells 

to make electricity—but electricity 
is tough to store in mass quantities. 
Researchers around the globe are 
racing to come up with catalysts to 
do the job. One option is splitting 
water to generate O2 and molecu-
lar hydrogen (H2), which can be 
burned or run through a fuel cell 
to produce electricity. Researchers 
have created numerous catalysts to 
split water and generate O2. And 
so far the best ones have nearly the 
same cubic arrangement of atoms 
at their core as PSII. Knowing the 
structure of nature’s catalyst may 
help scientists design better syn-
thetic ones.

Researchers nailed down 
crystal structures of several other 
important proteins this year. But 
PSII’s structure offers a window 
into a catalyst that is essential not 
only for past and present life on 
Earth but also perhaps for the future 
of civilization.

Close-up. This molecular cube (above) in the center 
of a protein complex called photosystem II (left) splits 
water molecules and generates molecular oxygen, key 
steps in converting sunlight to chemical fuel.

The Higgs boson

We’ve said this before (in 2008), but this time we’re sure: Next year, 
particle physicists will either fi nd the long-sought Higgs boson or 
prove that it does not exist, at least not with the properties ascribed 
by the standard theory. That’s not so much a prediction as it is a 
matter of fact. The world’s largest atom smasher, the Large Hadron 
Collider at the European particle physics laboratory, CERN, near 
Geneva, Switzerland, is cranking out data at such a stupendous rate 
that—barring breakdown—the Higgs must either make an undeni-
able appearance or be deemed an unequivocal no-show. It’s all but a 
mathematical certainty.

Faster-than-light neutrinos

This year, physicists with the OPERA particle detector rocked the 
world when they reported that subatomic particles called neutrinos 
made the 730-kilometer trip between CERN in Switzerland and Ita-

ly’s subterranean Gran Sasso National Laboratory at slightly faster 
than light speed. Researchers with the MINOS experiment, which 
shoots neutrinos from Fermi National Accelerator Laboratory in 
Batavia, Illinois, to the Soudan mine 735 kilometers away in Min-
nesota, say they will try to reproduce the result by early 2012. Don’t 
be surprised if it takes a little longer—and if neutrinos do not really 
fl y faster than light.

Stem-cell metabolism

The way stem cells use energy and 
intermediate metabolites seems to 
help determine when they differentiate 
and what kinds of cells they become.
In 2012, look for researchers to use 
large-scale studies of stem cell metab-
olism to gain new insights into how 
stem cells regulate themselves in the 
body—and how scientists might tweak 
the process in the lab or in patients.

Areas to Watch

Plant Life’s Boxy Heart
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Fragile	  X	  Syndrome	  –	  Clinical	  overview	  

•  ~	  1:4000	  births	  
•  >200	  CGG	  triplet	  

repeats	  in	  5’UTR	  
FMR1	  gene	  

•  Dx	  by	  PCR,	  Southern	  
•  Au0s0c	  behaviors,	  	  

social	  anxiety	  
•  Moderate	  to	  severe	  intellectual	  

disability	  (males)	  
•  Seizures,	  0cs,	  chronic	  o00s,	  mitral	  

valve	  prolapse	  

9	  



Huber,	  et	  al.,	  PNAS	  2002	  

Abnormal	  mGluR5-‐dependent	  synap0c	  plas0city	  
	  in	  FMR1	  KO	  mice	  



Abnormal	  synap0c	  plas0city	  in	  FMR1	  KO	  mice	  

Bear	  et	  al.,	  2004	  



A	  therapeu0c	  approach	  for	  FXS	  

Pre-‐synap+c	  	   Post	  -‐synap+c	  

Proteins	  FMRP Proteins	  

GABA-‐B	  

STX107	  

RO4917523	  AFQ056	  

fenobam	  



Rescue	  of	  dendri0c	  spine	  phenotype	  by	  mGluR5	  knockdown	  

BS	  Shankaranarayana	  Rao	  and	  Shona	  Chajarji	  
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A	  new	  paradigm	  for	  psychopharm	  drug	  development	  
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FX	  phenotype	   Mouse	  rescue	   Clinical	  trial	  
endpoint	  

FDA	  
approv-‐
able?	  

mGluR5	   GABA-‐B	  

Increased	  dendri0c	  spine	  density	   ✔	   ✔	   no	   no	  

Increased	  protein	  synthesis	   ✔	   ✔	   ?	   no	  

Increased	  AMPAR	  turnover	   ✔	   ✔	   no	   no	  

Increased	  marble	  burying	   ✔	   ✔	   no	   no	  

Seizure	  suscep0bility	   ✔	   ✔	   yes;	  
not	  needed	  

possibly	  



Known	  approvable	  endpoints	  for	  ASD	  /	  FXS	  

•  ABC-‐Irritability	  subscale	  (ABC-‐Irr)	  
–  with	  corrobora0ng	  evidence	  on	  CGI	  
–  must	  be	  pre-‐specified	  as	  primary	  endpoint	  for	  study	  

	   	  (none	  other)	  

16	  



Open	  ques0ons	  in	  clinical	  trial	  design	  for	  FXS	  
•  Endpoint	  

–  Symptom	  domain	  
–  Assessment	  tool	  

•  Effect	  size	  /	  sample	  size	  
•  Posology	  

–  Dose	  
–  Dosing	  schedule	  

•  Dura0on	  of	  treatment	  
–  Dura0on	  x	  Dose	  x	  Age	  

•  Subject	  selec0on	  
–  Age	  
–  Symptom	  severity	  
–  Co-‐morbidity	  
–  Concomitant	  medica0ons	  

17	  



18	  

Novar0s	  P2	  study	  of	  AFQ056	  in	  FXS	  

•  Adults	  with	  FXS	  full	  muta0on,	  n=30	  
•  DB,	  PC,	  XO	  trial	  –	  4	  week	  treatment	  periods	  

Drug	  –	  placebo	  
(90%	  CI)	  

	  
p	  

Aberrant	  Behavior	  Checklist	   −2.10	  (−8.26	  to	  4.06)	   0.573	  

Clinician	  Global	  Impression-‐Imprvmt	   0.01	  (−0.38	  to	  0.41)	   0.955	  

Vineland	  Adap0ve	  Behavior	  Scale	   0.82	  (−5.07	  to	  6.72)	   0.814	  

Repe00ve	  Behavior	  Scale-‐Revised	   −3.81	  (−6.91	  to	  −0.70)	   0.046	  

Social	  Responsiveness	  Scale	   −1.14	  (−7.71	  to	  5.43)	   0.773	  

Visual	  Analog	  Scale	   5.18	  (−3.89	  to	  14.25)	   0.345	  

Jacquemont	  al.,	  2011	  



AFQ056	  effects:	  	  Full	  vs.	  par0al	  methyla0on	  subgroups	  

Jacquemont	  al.,	  2011	  



An	  alterna0ve	  therapeu0c	  approach	  for	  FXS	  ?	  

Pre-‐synap+c	  	   Post	  -‐synap+c	  

Proteins	  FMRP Proteins	  

GABA-‐B	  

STX209	  

STX107	  

RO4917523	  AFQ056	  

fenobam	  



STX209	  (arbaclofen,	  R-‐baclofen)	  

•  Ac0ve	  isomer	  of	  racemic	  baclofen	  
–  Selec0ve	  GABA-‐B	  agonist	  
–  R:S	  isomer	  potency	  10-‐100:1	  
–  PK	  similar	  to	  racemic	  baclofen	  
–  t½	  =	  5	  hours	  	  

	  
•  Racemic	  baclofen	  used	  for	  spas0city	  
–  Approved	  for	  ages	  12	  and	  up	  
–  Used	  very	  frequently	  in	  younger	  pa0ents	  with	  CP	  
–  Safety	  is	  well-‐established	  



22	  

Seaside	  Therapeu0cs	  P2	  study	  of	  STX209	  in	  FXS	  

•  Children	  &	  adults	  with	  FXS	  full	  muta0on,	  n=63	  
•  DB,	  PC,	  XO	  trial	  –	  4	  week	  treatment	  periods	  

Berry-‐Kravis	  et	  al.,	  2012	  



Study	  22001:	  	  ABC-‐FXS	  Social	  Avoidance	  subscale	  

23	  
Berry-‐Kravis	  et	  al.,	  2012	  

•  ABC	  originally	  validated	  in	  MR/ID	  popula0on	  
–  58	  items;	  5	  factors,	  including	  ABC-‐Lethargy/Social	  Withdrawal	  

•  Valida0on	  study	  in	  FXS	  popula0on	  (Sansone,	  et	  al.,	  2012)	  
–  630	  FXS	  subjects	  across	  6	  centers	  
–  New,	  validated	  factor	  score	  in	  FXS:	  	  ABC-‐FXS	  Social	  Avoidance	  



Study	  22001:	  	  Lower	  sociability	  subgroup	  

24	  

Berry-‐Kravis	  et	  al.,	  2012	  



Study	  22001:	  	  Safety	  

25	  

STX209	   Placebo	  

Serious	  Adverse	  Events	   1	   0	  
AEs	  leading	  to	  discon0nua0on	   1	   2	  

Berry-‐Kravis	  et	  al.,	  2012	  



Targeted	  drug	  development	  for	  FXS:	  	  Current	  status	  

•  Poten0al	  efficacy	  signals	  found	  
–  mGluR5	  antagonists:	  Aberrant	  behaviors,	  especially	  
stereotypies	  

–  GABA-‐B	  agonist:	  	  Social	  impairments	  
•  Larger,	  Phase	  3	  studies	  underway	  
–  AFQ056	  (mavoglurant)	  
–  RO4917523	  
–  STX209	  (arbaclofen)	  

26	  



Targeted	  treatment	  research	  in	  other	  condi0ons	  

Condi0on	   Animal	  model	  /	  Drug	  
target	  

Drug	  /	  
	  Effect	  in	  animal	  

Human	  trial	  

NF	   Nf1	  mouse	  /	  
increased	  RAS/ERK	  
signaling	  

Sta0ns	  /	  
improved	  ajen0on	  and	  
spa0al	  cogni0on	  

Possible	  
improvement	  in	  
spa0al	  skills	  

Rej	  
syndrome	  

Mecp2	  mouse	  /	  
reduced	  BDNF	  
signaling	  

IGF-‐1	  fragment	  /	  
rescue	  of	  lethality,	  
neuropathology,	  
autonomic	  abnormali0es	  

Recrui0ng	  

Down	  
syndrome	  

Ts65Dn	  mouse	  /	  
excessive	  inhibitory	  
neurotransmission	  

GABA-‐A	  nega0ve	  
modulators	  /	  	  
improved	  cogni0on	  

Recrui0ng	  

Tuberous	  
sclerosis	  
(TSC2)	  

TSC2	  mouse	  /	  
elevated	  mTOR	  
signaling	  

Rapamycin	  /	  improved	  
spa0al	  learning	  &	  
contextual	  discrimina0on	  

Recrui0ng	  

27	  



Relevance	  of	  FXS	  to	  ASD	  

•  FXS	  accounts	  for	  2-‐4%	  (?)	  of	  au0sm	  
–  But,	  feels	  different	  from	  non-‐FXS	  ASD	  

•  Centrality	  of	  synap0c	  pathophysiology	  to	  ASD	  
–  FMRP	  regulates	  synap0c	  processes	  
–  Other	  single	  gene	  disorders	  
–  Gene0c	  research	  





A	  common	  signaling	  pathway	  

State,	  2010	  





Rare	  gene0c	  disorder	  to	  broad	  popula0on:	  	  Really	  ???	  

FH	
 Elevated ���
cholesterol	


FX	
 ASD	


Prevalence	
 1:1,000,000	
 Not rare	
 1:4,000	
 Not rare	


Genetic basis	
 LDLR mutation	
 Not LDLR���
Not HMGCR	


FMR1 triplet 
expansion	


Not FMR1���
Not mGluR5	


Core 
symptoms	


High 
cholesterol	


same	
 ASD	
 same	


Relevant 
pathway	


CHOL synthesis 
in liver	


same	
 Protein synthesis 
at synapse	


?	


Pharmacologic 
target	


HMGCR	
 same	
 mGluR5	
 ?	


Drug	
 Statins	
 same	
 mGluR5 antag	
 ?	


Drug effect	
 Reduced CHOL 
levels	


same	
 ?	
 ?	
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A	  challenge	  for	  pediatric	  drug	  development	  

Yes	   No	   Not	  
Sure	  

Are	  studies	  involving	  children	  
necessary	  to	  advance	  the	  
treatment	  of	  children?	  

67%	   4%	   29%	  

Would	  you	  allow	  a	  child	  of	  yours	  
to	  par0cipate?	  

25%	   30%	   45%	  

Harris	  Poll,	  2004,	  n=5,822	  


